The bark and stems of red maple (Acer rubrum) are reported to contain bioactive phenolics but its aerial parts, namely, flowers and leaves, remain largely unexplored. This is unfortunate considering that various parts of the red maple were used for traditional medicinal purposes by the indigenous peoples of eastern North America, where this species is found. Herein, we report the identification of twenty-five (1-25) phenolics, including two new galloyl derivatives (1 and 2), from red maple flowers and leaves. Of these, ten compounds (1-10), including the new compounds, were isolated and identified by NMR and HRESIMS data while the remaining fifteen compounds (11) (12) (13) (14) (15) (16) (17) (18) (19)(20)(21)(22)(23)(24)(25) were identified by HPLC-DAD analyses (by comparison with chemical standards). The isolates (1-10), along with the clinical drug, acarbose, were evaluated for their -glucosidase enzyme inhibitory activities.
The red maple (Acer rubrum L.) is native to eastern North America and its various plant parts (leaves, flowers, bark, stems, and sap) were used as traditional medicines by the indigenous peoples of this region to treat several ailments [1] . Nowadays, only the sap of the red maple is currently being utilized, primarily to produce the natural sweetener, maple syrup [2] . Given the anecdotal and ethnomedicinal uses of various parts of the red maple, our laboratory initiated a program of studies to isolate and identify its bioactive constituents [3] [4] [5] . Our previous work on red maple bark and stems yielded several gallotannins, some of which were more potent inhibitors of α-glucosidase than the clinical drug, acarbose [4, 5] . We also reported that a red maple bark extract regulated blood glucose levels with comparable activity with acarbose in an animal model [6] . Therefore, in continuation of these studies, herein we focused our attention on identifying compounds in red maple leaves and flowers. While there are few previous studies on the leaves of this species [7] [8] [9] , to date, there have been no prior studies on its flowers.
In this study, we report the isolation and structure elucidation (from NMR and mass spectral data) of two new galloyl derivatives, 1 and 2 (Figure 1 ), along with eight known compounds (3-10) from red maple leaves and flowers. All of the isolates were evaluated for αglucosidase inhibitory activities, along with the positive control, acarbose. In addition, fifteen compounds (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) were identified in red maple leaves and flowers using HPLC-DAD methods by comparison with chemical standards previously isolated from the stems and bark of this species [3] [4] [5] .
Compound 1 was obtained as white amorphous powder with a molecular formula of C 14 proton signals at δ H 3.55-5.20, and six oxygenated carbon signals at δ C 81.0, 76.0, 73.1, 72.9, 72.4, and 69.9 indicated the presence of an inositol moiety [10] . Further combined analyses of the 1 H-1 H COSY, HSQC, and HMBC data established the structure of compound 1. The HSQC spectrum allowed the assignment of all the protons attached to their corresponding carbons. From the 1 H-1 H COSY spectrum, an inositol moiety (i.e., C-1 to C-6; Figure 1 ) was NPC Natural Product Communications 2015 Vol. 10 No. 8 1409 -1412 established, and the HMBC correlation between CH 3 -7 (δ H 3.30) and C-2 indicated that a methoxyl group was connected to C-2. Their relative stereochemistry was determined by NOESY data and the proton coupling constants. The NOE correlations of H-3/H-5, H-5/H-7, H-4/H-2, H-2/H-6, and the proton coupling constants (J 1,2 = 2.35 Hz, J 2,3 = 9.85 Hz), indicated the relative configuration of the inositol moiety as being myo-inositol. Thus, in consideration of the aforementioned data, this moiety was determined as 2-methoxylmyo-inositol. The HMBC correlations between H-1 and the ester carbonyl (C-7') indicated that the galloyl group was linked at C-1 of the 2-methoxyl-myo-inositol moiety, Therefore, compound 1 was elucidated as 2-methoxyl-1-O-galloyl-myo-inositol.
Compound 2 was isolated as an amorphous powder with a molecular formula of C 14 13 C NMR spectrum indicated the presence of a sugar moiety. Apart from the substituted galloyl moiety proton signals, seven proton signals at δ H 3.36-5.62 supported the presence of a β-glucopyranose moiety, for which the anomeric proton resonated at δ H 5.62 (1H, d, J = 7.95 Hz, H-1). Further combined analyses of the 1 H-1 H COSY, HSQC, and HMBC data established the structure of compound 2. The HSQC spectrum allowed the assignment of all the protons attached to their corresponding carbons.
From the 1 H-1 H COSY spectrum, a hexose moiety (i.e., C-1 to C-6; Figure 1 ) was proposed. The HMBC correlations between H 3 -8' (δ H 3.83) and C-3' (δ C 149.1) indicated that the methoxyl group was linked at C-3' of the galloyl moiety. The HMBC correlations between H-1 (δ H 5.62) and C-7' (δ C 166.9) indicated that the substituted galloyl group was linked at C-1. The D-configuration of the glucopyranosyl moiety was determined by acid hydrolysis (see Experimental). Thus, the structure of compound 2 was elucidated as
Apart from the two new compounds, an additional eight known compounds were isolated and identified from NMR and mass spectral data (9) [17] and quercetin-3-O-(2''-O-galloyl)-α-rhamnopyranoside (10) [18] . An additional fifteen (11-25) known phenolic compounds, primarily gallotannins and flavonoids, were also identified in the red maple aerial parts by HPLC-DAD analyses through comparison twith chemical standards [compound identities and the HPLC profiles are provided in the Supplementary data]. As evident from the HPLC-DAD analyses, the major compound in the aerial parts of red maple was identified as ginnalin A (17), also commonly known as acertannin, a gallotannin previously reported to be present in this species [3, 4] .
The isolates 1-10 were evaluated for their inhibitory effects against the α-glucosidase enzyme. Notably, the isomeric pair of gallotannin 6a/6b, and the phenylpropanoid derivative, 8, were more potent than acarbose, the positive control (IC 50 = 31.3 and 25.4 vs. 186.8 μM, respectively). The flavonoids 9 and 10 showed IC 50 values of 731.8 and 805.2 μM, respectively, while all the other isolates were inactive (IC 50 > 1000 μM).
Experimental
General: All 1D nuclear magnetic resonance ( 1 H and 13 C NMR) and 2D NMR experiments [ 1 H-1 H correlation spectroscopy (COSY), heteronuclear single quantum coherence (HSQC), and heteronuclear multiple bond coherence (HMBC)] were acquired either on a Bruker 300 MHz or a Varian 500 MHz instrument. Deuterated methanol (CD 3 OD) was used as solvent for all of the NMR experiments. HR-ESIMS data were acquired using a Waters SYNAPT G2-S QTOFMS system. All solvents were either ACS or HPLC grade and were obtained from Wilkem Scientific (Pawcatuck, RI, USA). Sephadex LH20 resin (Amersham Biosciences) was packed in a glass column (3 × 70 cm). High performance liquid chromatography (HPLC) was performed on a Hitachi 
Extraction and isolation:
Air-dried red maple flowers (RMF; 610 g) were macerated for 24 h with 4 L of MeOH (4 L × 3). The filtrate was concentrated under reduced pressure, the residue (150 g) suspended in water and then successively partitioned with n-hexanes, ethyl acetate (EtOAc), and n-butanol (n-BuOH). Given the marked similarities in the HPLC profiles of the RMF-EtOAc and RMF-BuOH extracts (see Supplementary data, Figure S14 ), and that more peaks were apparent in the latter extract, we proceeded with the isolation of compounds from RMF-BuOH as follows. Briefly, the RMF-BuOH extract (30 g) was subjected to C18 MPLC eluting with a gradient solvent system of MeOH/H 2 O (5:95 -100:0, v/v) to afford 8 major fractions (A1 -A8). Fraction A2 (1.3 g) was chromatographed over a Sephadex LH-20 column (4 × 65 cm) with MeOH/H 2 O (1:1, v/v) and was further purified by reversed-phase semi-preparative HPLC with MeOH/0.1 % aqueous TFA (10:90, v/v) to afford compounds 1 (7.2 mg, t R = 12.0 min), 4 (4.1 mg, t R = 21.8 min), 2 (3.9 mg, t R = 26.5 min), and 3 (1.9 mg, t R = 31.1 min). Similarly, air-dried red maple leaves (RML, 1.30 kg) were extracted with methanol to generate a crude methanol extract (RML-MeOH, 480 g). This was suspended in distilled water and subsequently partitioned with n-hexanes, ethyl acetate and nbutanol. The ethyl acetate extract (RML-EtOAc; 150 g) was selected for further purification based on more peaks being evident in its HPLC-profile compared with the other crude extracts. The RML-EtOAc fraction was subjected to a Sephadex LH-20 (A1 -A20) column by eluting with methanol, and sub-fraction A15 was further re-chromatographed on a Sephadex LH-20 column to afford 10 sub-fractions (A8b1 -A8b10). Fraction A8b5 (21.5 mg) was further purified by reversed-phase semi-preparative HPLC with MeOH/0.1 % aqueous TFA (40:60, v/v) to afford an inseparable pair of gallotannin isomers 6a and 6b (7.4 mg). Sub-fraction A18 Phenolics form Acer rubrum Natural Product Communications Vol. 10 (8) 2015 1411 (61.6 mg) was purified by reversed-phase semi-preparative HPLC with MeOH/0.1 % aqueous TFA (20:80 -65:35; v/v) to afford 2 phenylpropanoid derivatives 7 (3.7 mg) and 8 (5.5 mg) . Lastly, sub-fraction A19 (31.3 mg) was purified by reversed-phase semipreparative HPLC with MeOH/0.1 % aqueous TFA (30:70 -70:30; v/v) to afford 2 flavonoids 9 (6.3 mg) and 10 (8.7 mg).
HPLC-DAD analyses of extracts of leaves and flowers:
Fifteen known compounds (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) were identified in the red maple flower ethyl acetate (RMF-EtOAc) and butanol (RMF-BuOH) extracts and in the red maple leaves methanol (RML-MeOH) and ethyl acetate (RML-EtOAc) extracts by comparison of retention times and UV absorbance of peaks in their HPLC chromatograms with those of chemical standards previously isolated and identified from red maple stems and bark [3] [4] [5] . The HPLC-DAD profiles of all the extracts and the identities of the compounds along with their UV absorbance are provided in the Supplementary data (see Figure S14 and Table S1 ). 
2-methoxyl-1-O-galloyl-myo-inositol

1-O-(3'-methoxyl-galloyl)-β-D-glucose
Acid hydrolysis of compound 2 and sugar analysis: Compound 2
(1 mg) was added to a mixture of concentrated HCl (0.5 mL), H 2 O (1.5 mL), and dioxane (3 mL) and refluxed for 2 h. After completion of the reaction, products were extracted with CHCl 3 (3 × 5 mL). The aqueous layer was neutralized with NaHCO 3 , concentrated to dryness under reduced pressure, and purified by Sephadex LH-20 CC to give a sugar fraction. This was identified as D-glucose by co-TLC and comparison of specific rotation with an authentic sample of D-glucose (Rf = 0.45, CHCl 3 /MeOH/H 2 O, 1/1/0.1 v/v/v, positive value for optical rotation).
α-Glucosidase inhibitory assay:
The α-glucosidase inhibitory assay was conducted as previously reported with slight modifications [4] . Briefly, a mixture of 50 μL of compounds and 100 μL of 0.1 M phosphate buffer (pH 6.9) containing yeast α-glucosidase solution (1.0 U/mL, purchased from Sigma-Aldrich, St. Louis, MO, USA) was incubated in 96 well plates at 25°C for 10 min. After preincubation, 50 μL of substrate solution, 5 mM p-nitrophenyl-α-Dglucopyranoside (purchased from Sigma-Aldrich, St. Louis, MO, USA), in 0.1 M phosphate buffer (pH 6.9) was added to each well at timed intervals. The reaction mixtures were incubated at 25°C for 5 min. Before and after incubation, absorbance was recorded at 405 nm by a micro-plate reader (SpectraMax M2, Molecular Devices Corp., operated by SoftmaxPro v.4.6 software, Sunnyvale, CA, USA) and compared with that of the control which had 50 μL buffer solutions. The α-glucosidase inhibitory activity was expressed as inhibition % and calculated by using the following formula: Inhibition % = 100×[(C 5 -C 0 )-(S 5 -S 0 )]/(C 5 -C 0 ), where C 0 is the absorbance of the reagent blank at 0 min, S 0 is the absorbance of the samples at 0 min, C 5 is the absorbance of the reagent blank at 5 min and S 5 is the absorbance of the samples at 5 min.
Supplementary data: Supplementary data are available for this article and available free of charge.
